Objective: To assess whether the composition of the obese category (body mass index (BMI)X30) has changed during the last one-third of a century in young adult men. Design: Retrospective study of 1 580 913 men (18.3 ± 0.4 years) representing 82% of the Swedish male population at military conscription age between 1969 and 2005. Measured height and weight were used to define moderate and morbid obesity as BMI 30-34.9 and X35, respectively. Data on socio-economic position (SEP), place of residence (urban, semi-urban and rural), age and test center were also collected. Results: From the period 1969-1974 to 2000-2005, the prevalence of moderate obesity almost quintupled (0.8-3.8%; Po0.0001), while morbid obesity increased 10-fold (0.1-1.3%; Po0.0001). The composition of the obese category changed from 12.9 to 25.1% morbidly obese during the same time, corresponding to an annual growth in the odds of 2.8% (CI 95% 2.5-3.1%) per year within the obese category. Compared to 1969-1974, the odds ratios of obesity and morbid obesity, respectively, were 1.6 (1.6-1.7) and 1.9 (1.7-2.2) in 1980-1984, 2.8 (2.7-2.9) and 4.0 (3.5-4.5) in 1990-1994, and 6.0 (5.7-6.3) and 11.4 (10.1-12.9) in 2000-2005, after adjustment for SEP, urban/rural place of residence, age and test center. Extrapolation of the growth rate during the observation period resulted in an estimated 4% morbidly obese in 2020. Conclusion: Morbid obesity increased faster than moderate obesity during the last 35 years. As the health risks and costs of obesity-related morbidity increase disproportionately in the morbidly obese, it is important to assess morbid obesity in prevalence studies, and distinguish the morbidly from the moderately obese in cost analyses.
Introduction
More than half of the adult population in US and Great Britain is overweight (body mass index (BMI)X25), and approximately one-third obese (BMIX30). 1 In Sweden, about 50 and 40% of adult men and women, respectively, are overweight, while approximately 10% are obese in both sexes. 2 Twenty years ago, only 5% of adult Swedes were obese. 3 Whether morbid obesity (BMIX35) is increasing at a faster rate than the obesity category as a whole is of interest for prognoses of, for example, future burden of obesity-related morbidity and mortality. With risks of type 2 diabetes, coronary heart disease and death being higher in the morbidly obese, [4] [5] [6] [7] failure to account for a potentially shifting composition of the obese category may lead to underestimates in forecasting.
Recently it was reported that the prevalence of morbid obesity, defined as BMIX35 or X40, has increased at a much faster rate in US adults than moderate obesity (BMI 30-34.9) between 2000 and 2005, based on self-reported BMI. 8 However, nationally representative US data based on measured BMI show no differences in morbid obesity (defined as BMIX40) from 1999 to 2004, although these data were less suitable for assessing trends due to the limited sample size. 9 Self-reported BMI is known to be afflicted by under-reporting and a tendency toward greater under-reporting of weight with increasing BMI. [10] [11] [12] Furthermore, participation in epidemiological surveys is often low with higher nonparticipation in lower socio-economic groups, potentially biasing the estimates downwards.
In Sweden, military conscription testing has been mandatory since 1901 for all non-institutionalized or handicapped men, irrespective of socio-economic position (SEP). Testing includes measurement of height and weight, providing excellent data over an extended period of time. The aim of this study was to compare trends in obesity and morbid obesity between 1969 and 2005 in the Swedish male population born between 1951 and 1987.
Methods
Record linkage of several nationwide databases was performed based on the unique personal identification number assigned to each Swedish citizen. Data from the Military Service Conscription Registry from 1969 to 2005 was linked to the Cause of Death Registry of the National Board of Health and Welfare to ascertain whether subjects were alive at conscription testing age. Parents were identified from the MultiGeneration Registry and information on parental SEP (in 1970 and 1990), country of birth, emigration and place of residence was gathered from Population and Housing Censuses and the Registry of the Total Population. Participation in the Population and Housing Censuses is required by law for persons living and registered in Sweden, and therefore little missing data were present. Ethical approval for the study was granted by the Regional Ethics Committee, Stockholm, Sweden.
Study population
The study cohort consisted of all men who underwent military conscription induction tests from 1969 to 2005. The representativeness of the data source is regarded to be excellent. 13 During the period covered by this study, military conscription was mandatory for all Swedish men, and participation was enforced by law, although individuals with severe handicaps or chronic diseases, and non-Swedish citizens may be exempt from testing. Hence practically the total male population went through the 2-day test protocol. However, the completeness of some measured variables decreased slightly in the late 1990s after a lag period of approximately 10 years post the end of the cold war. Thereafter more young men lack data on, for example, BMI. After accounting for deaths and emigration before 20 years of age, and non-Swedish citizenship, the overall participation of the birth cohorts from 1951 to 1987 was 88%. In the birth cohorts 1984-1986, the participation was 81-87%, while it dropped to 71% in 1987. However, the participation in the last birth cohorts was reduced due to the fact that late testers may test in 2006 and 2007, which were not covered by the current data excerpt.
Measurements, handling of outliers and heterogeneity in age of testing Height was measured by use of wall-mounted stadiometers, and weight was measured by use of analog or digital scales. ). 7 Morbid obesity was defined as X35 kg m
À2
, which corresponds to obese classes II and III according to WHO terminology. The category BMI 30-34.9 is denoted 'moderate obesity' below to allow a distinction between the lower and the upper end of the obese spectrum.
Out of 1 739 008 who went through conscription examination, 126 494 (7.3%) did not have a BMI recorded, resulting in 1 612 514 subjects left for analysis. However, the Military Service Conscription Registry contains a small number of extreme values on weight, height and BMI. These extreme values may be true values, or represent measurement or data entry errors. To minimize errors of misclassification, inclusion limits were applied for height (p150 or X210 cm; 0.008%), weight (p40 or X150 kg; 0.020%) and BMI (p15 or X60 kg m
; 0.034%) resulting in a final 1 611 961 individuals, where 1 580 913 were between 17 and 20 years and used for the analysis. This corresponded to 82% of the total eligible population between 17 and 20 years. The data stemmed from six conscription offices (testing centers) in Sweden and the analyses were additionally adjusted for these as a means of eliminating potentially confounding factors.
Data on municipality (urban, semi-urban and rural) and SEP (white collar, blue collar, self-employed and other) were retrieved from national databases, as has been described in greater detail elsewhere. 14 
Statistical analysis
We calculated prevalence proportions for moderate and morbid obesity for the periods 1969-1974, 1975-1979, 1980-1984, 1985-1989, 1990-1994, 1995-1999 and 2000-2005 . The w 2 tests were used to test for differences over time in prevalence proportions. We used logistic regression to further describe the trends in prevalence of obesity and morbid obesity. Crude and adjusted models were fitted for obesity and morbid obesity with the 5-year period 1969-74 as the reference and the other 5-year periods described above as dummy variables. For the adjusted model, SEP, place of residence, testing center and testing age were added as covariates.
To test for differences in the rate of increase between obesity and morbid obesity, an additional logistic regression model was constructed using year as a continuous covariate including only the obese subjects each year (n ¼ 35 555). The odds ratio (OR) for being morbidly obese among the obese was modeled using year as the main predictor, which indicates a change over time in the composition of the obese category, if significant. More complex models, using quadratic and cubic terms for year, were also tested. However, these models did not differ much in terms of goodness-of-fit and we opted for the more parsimonious model that only used year as a linear term in the log odds scale ( where a is the intercept in the log odds scale and b is the log odds ratio.
Results
The prevalence of both moderate and morbid obesity were very low in the early 1970s (0.8 vs 0.1%), but increased dramatically over the subsequent 30 years to 3.8 and 1.3%, respectively (Po0.0001; Figure 1 ). This translated into a change of the composition of the obese category, with the morbidly obese constituting 12.9% in 1969-1974 compared to 25.2% in 2000-2005 (Table 1) .
Among the obese (n ¼ 35 555), the odds of morbid obesity increased 2.8% annually (CI 95% 2.5-3.1%), confirming the shift in composition of the obese category also after adjustment for SEP, urban/rural place of residence, conscription center and age (crude increase 2.7%, CI 95% 2.4-3.0%). In absolute terms, the number of morbidly obese 17-to 20-year olds per 5-year birth cohort was counted in hundreds during both the 1970s and the 1980s, while at the turn of the millennium there were more than 2000 (Table 1) .
In each 5-year period, both the crude and adjusted relative increases were greater for morbid than moderate obesity (Figure 2) . By 1980-1984, the OR for moderate obesity was 1.63 (1.55-1.72) compared to 1969-1974, while the corresponding OR for morbid obesity was 1.92 (1.66-2.20). By the last period, a 6-and 11-fold increase had been realized for the moderately and the morbidly obese fraction, respectively (OR: 6.0, CI 95% 5.7-6.3; and OR: 11.4, CI 95% 10.1-12.9). The point estimates for the adjusted ORs for both obesity and morbid obesity were slightly higher than the crude in all periods, although the confidence intervals overlapped (Figure 2) .
A forecast of the prevalence of obesity and morbid obesity until 2020 is shown in Figure 3 , based on the observed growth rate from 1969 to 2005. The fit of the model is close during the observation period, although it under-predicts morbid obesity in the last years. If the same growth pattern continues, more than 4% will be morbidly obese in 2020.
Discussion
We investigated prevalence trends of obesity in young adult Swedish men and found a quintupling of the obese and a 10-fold increase in the morbidly obese in crude analyses, although the prevalence in the early 1970s was very low for both categories. A significant shift in the composition of the obese category was found, with the morbidly obese fraction increasing from 12.9 to 25.1% over the study period. If the growth continues at the same rate as between 1969 and 2005, more than 4% of young adult Swedish men will be morbidly obese by 2020.
The finding of a rapidly increasing percentage of morbidly obese young adults extends the results from a previous report regarding trends in the US adults between 2000 and 2005. 8 Both studies indicate that morbid obesity is not a condition only affecting a fixed percentage of genetically susceptible subjects. Indeed, already at 17-20 years of age the current obesogenic environment appears to exert its toll and push increasing number of people into morbid obesity. Compared to the study by Sturm, 8 we assessed a longer time period, used measured instead of self-reported BMI data and had a higher participation rate. However, we only had data on men, as military conscription testing has never been mandatory for Swedish women. With a prevalence of only 1.4% in 2005, morbid obesity in young adult Swedish men remains a rarity, especially compared to the prevalence of 8.5% in US adults. 8 However,
it is now more than one in hundred men affected in this age group, compared to one in thousand in the early 1970s. Furthermore, a recent Swedish population-based study comparing BMI distributions of children born in the early 1970s and the mid-1980s showed that heavy children had become heavier during a period of 12 years. 15 Indications that this shift in composition of the obese category can be tracked down to early school age emphasize that growing needs for medical assistance will challenge health-care systems in the future. With a total of 1700 bariatric surgeries performed in Sweden in 2006 for all age groups and both sexes, demand is likely to continue to exceed supply in the Swedish national health-care system. The observation of a shift in the composition of the obese category may have important implications for prognostic purposes. Moderately and morbidly obese subjects have been found to incur 25 and 44% greater hospital costs annually compared to the normal weight, respectively. 16 As many cost-of-illness studies treat the obese fraction as a homogeneous category, [17] [18] [19] applying relative risk estimates for obesity derived from periods with a different composition of the obese category, underestimates may result. The WHO prognosis of global increase in diabetes for 2030 was recently found to have been exceeded in Canada already in 2005. 20 One possible explanation was that the prognosis was based on the assumption that obesity rates would remain constant, which has not been the case. In fact, this study found no signs of an abating growth rate. A further potentially problematic component even if increasing obesity is accounted for is the shift within the obesity category observed in this study. As the risk for type 2 diabetes (compared to BMIp25) has been found to more than double when moving from moderate to morbid obesity, 21 the shift may result in an even greater increase than anticipated if considering obesity alone in the modeling.
The strengths of the current study were its representativeness, including all socio-economic groups; measured rather than self-reported BMI; availability of data on important confounding factors and data over an extended period of time. The participation rate of 82% can be compared with the US Behavioral Risk Factor Surveillance Study, where it has varied between about 70% (1996) to close to 50% (2000). 22 As non-participation, as well as absence of telephone, is strongly associated with SEP, and SEP in turn is negatively correlated with BMI, bias toward underestimation is probably introduced. Our study was also afflicted by some limitations. First, no women were included, as military conscription tests have never been mandatory for women, and we only investigate a certain age group. Second, although the participation rate was excellent (82%), decreases in the completeness of BMI measurements were seen in the 2000s. However, these missing cases are likely to bias the estimates downwards, as severe obesity nowadays may be one reason for not completing the 2-day testing protocol. Third, the prevalence of morbid obesity in the early 1970s was very low, inflating the relative increases. It may, however, be argued that the absolute number of morbidly obese young adult men today is so high that it is likely to put a significant strain on healthcare systems if the afflicted were to be treated with, for example, bariatric surgery. The increase in morbid obesity is also a warning of future morbidity to come, as cardiovascular events usually emerge in middle age. Furthermore, the relative increases were highly significant in each period examined, indicating good precision (data not shown, available upon request from the authors). In summary, both moderate and morbid obesity have increased dramatically in young adult Swedish men over the last 30 years. The latter increased more rapidly, and no signs could be found of any of the trends abating. As BMI generally increases at least into middle age, both groups threaten to place an increasingly heavy burden on the National Health Service by way of obesity-related complications and direct treatment of obesity itself, as well as compromising the quality of life of affected individuals. Finally, the shift in the composition of the obese category may distort cost and incidence prognoses if obesity is treated as a homogeneous category.
